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Abstract: Climate change has increased the prevalence of wildfires, resulting in longer fire seasons
and larger geographic area burned. The aim of this work was to assess the air pollution and health
risk to the population caused during exposure to smoke in fire season. The study design included:
an analysis of long-term air pollution to determine background levels; an analysis of short-term
(<24 h) and subchronic (10-14 days) concentrations during wildfires; and an assessment of the health
risk in the industrial center of the Baikal region (Russia). In Irkutsk, at a distance of 2000 km from
the fire focal points, the maximum short-term concentrations of pollution were noted during the
smoke period, when the average CO level increased 2.4 times, and PM; increased 1.4 times relative
to the background levels in August 2021. In Bratsk, located near the fires, the increases in short-term
concentrations were: CO—21.0; SO,—13.0; formaldehyde—12.0; TPM—4.4 times. The hazard indices
of respiratory and coronary diseases in the burning period exceeded the acceptable level. Acute
reactions to smoke can be expected in 30% of the exposed population near fires and 11% in remote
areas (Bratsk). The results obtained from the remote sensing of atmospheric smoke can be used to
urgently resolve the issue of organizing medical assistance or evacuating the population groups most
sensitive to the effects of smoke in fire season.

Keywords: air pollution; smoke; wildfires; short-term exposure; subchronic exposure; health risk

1. Introduction

The number of large-scale wildfires has increased significantly in recent years in
various regions: the USA [1-3], Australia [4,5], EU countries [6,7], Russia [8-10], and
Canada [11,12]. Experts have identified several reasons for the increase in the number
of fires, such as climate accompanied by an increase in temperature and a decrease in
precipitation [13-15]. These phenomena can lead to an increase in the duration of the fire
season [16] and an increase in the number of areas with potential fire hazard risk [17,18].
Another important reason is the increased anthropogenic pressure on the territory, resulting
in the greater accessibility of forests for various groups of the population [10,19,20].

Smoke from wildfires contains many air pollutants that can affect public health, in-
cluding carbon monoxide (CO), nitrogen dioxide (NO;), ozone, particulate matter (PM),
polycyclic aromatic hydrocarbons (PAHSs), and volatile organic compounds (VOCs) [3].
Although smoke from forest fires is a complex mixture of gases and particles, the concentra-
tions of fine particulate matter in the environment (PM; 5) are the most indicative [21,22].
PM is used as an indicator of air pollution during forest fires for several reasons: first, due
to the constant increase in PM concentrations during smoke generation in places both near
and far from fires; second, the dose-response relationship with various health effects is
well established; and third, continuous PM measurements are available in many locations
in order to regulate air quality. At the same time, in the forested regions of Canada, the
USA, and Russia, in settlements remote from densely populated areas, there is no system
of chemical monitoring of the quality of the atmosphere. At the meteorological stations of
sparsely populated areas, only visual characteristics are recorded, reflecting a decrease in
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the transparency of the lower layers of the atmosphere: the presence of “smoke”, “haze”,
and “slight haze”.

Smoke from forest fires can affect large populations, even those far from the fire, by
degrading local, regional, and global air quality [16]. A significant amount of research
has been devoted to assessing the estimated annual global premature mortality associated
with smoke from wildfires [23-25]. Exposure to wildfires can result in a wide range of
acute cardiopulmonary morbidity for the elderly [22], and impaired respiratory function in
children [26-28].

The lack of reliable methods for quantifying the exposure to pollutants complicates
the task of studying the health effects of smoke in sparsely populated areas. Some studies
use the results of air quality observations at posts located in more densely populated areas,
but it is not always correct to extrapolate these data. Some characteristics may differ from
area to area, including air pollution associated with industry and vehicles, health status,
and the susceptibility of the population to chemical exposure [1,29]. In addition, calculated
models of chemical transport were used for the estimates [11,30-33]. Mathematical models
of the transport and dispersion of impurities give an idea of the spatial and temporal
distribution of pollutants, which is especially important for regions where there is no
constant observation. However, when choosing a mathematical model, the researcher
must take into account the limitations for the use of some models, and the features of the
available data in order to avoid incorrect conclusions [22,31].

Despite the large number of works on the problem under consideration, the overall
impact on the health of the population, manifested by respiratory, cardiovascular, and
other effects in the form of acute reactions and conspicuous clinical diseases, still remains
not fully known.

The algorithm for collecting and analyzing information about wildfires was presented
by us in the report “Services for analysis of the influence of air quality on population health
during mass forest fires on the example of the Irkutsk region” within the XXVII Interna-
tional Symposium “Atmospheric and Ocean Optics. Atmospheric Physics” (5-9 July 2021,
Moscow) [34]. In the present article, we present in more detail the results of using the
proposed approaches, using the example of assessing the danger of forest fires for the
population in the Baikal region (BR). The proposed algorithm will allow the accumulation
of large amounts of data on environmental pollution and public health over a long period
in different geographic areas and the better determination of the risk of adverse health
effects, and to identify sensitive groups within the population. The aim of the work was
to assess the air pollution and health risk of the population during exposure to smoke
from wildfires.

2. Materials and Methods
2.1. Study Area and Study Period

The proposed algorithm was tested on an example model—the Baikal region (BR).
The BR is the central territory of Siberia (Russia), including the Irkutsk oblast (region), with
a total population of about 2.5 million people in 2021 (Figure 1).

The largest settlements are: Irkutsk (Pop. 617,500), Bratsk (Pop. 225,000), and Angarsk
(Pop. 225,800). Since more than 75% of the territory of the BR is covered with forests,
the region is prone to seasonal forest fires, and fire hazard periods last from April to
September. Two time periods were considered. First: long term, 2011-2020, to assess
annual and monthly air pollution. Second: July—August 2021, when massive forest fires
were registered for 3 months in adjacent territories, namely in the Republic of Sakha-Yakutia
and in the north of the Irkutsk region.
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Figure 1. Russia map (a) and schematic map of the study area of the Baikal Region (b) with the main

foci of wildfires (July-August 2021). Legend: o —focus of wildfires.
2.2. Materials

The assessment of pollution was given on the basis of the information fund, which
combines the results of observations at the stations of the Office for Hydrometeorology and
Environmental Monitoring of the Irkutsk Oblast. To determine the background pollution,
observation posts were selected, that were remote from industrial sources of pollution
and major highways. Control over the concentration of chemicals in the surface layer
of the atmosphere was carried out four times (at 7:00 h, 13:00 h, 19:00 h, 1:00 h). The
content of substances was assessed in relation to the maximum permissible concentration
(MPC), legally approved in the Russian Federation and presented in the sanitary standards
SanPiN 1.2.3685-21 “Hygienic standards and requirements for ensuring the safety and (or)
harmlessness of environmental factors for humans” [35].

2.3. Study Design

The general algorithm for assessing medical and social losses during short-term high
air pollution includes several successive stages. Stage 1 includes an analysis of long-term
annual and monthly dynamics of air pollution in order to determine the background levels
of atmospheric air pollution in certain areas. Stage 2 involves an analysis of atmospheric
air pollution during the critical period for short-term (less than 24 h) and subchronic
(10-14 days in a row) levels of chemical substances. Stage 3 is an approximate assessment
of the potential health risk for the population in smoky areas.

At the first stage, a retrospective analysis of atmospheric air pollution in the settlement
was carried out according to the control data of the Committee for Hydrometeorology
and Environmental Monitoring for the content of substances in relation to the maximum
permissible concentration (MPC), legally approved in the Russian Federation and presented
in the sanitary norms of SanPiN 1.2.3685-21 “Hygienic standards and requirements for
ensuring the safety and (or) harmlessness to humans of environmental factors” [35].

In addition, we considered the dynamics of the total (complex) indicator of air pollu-
tion (KAZ). The average annual data on the content of impurities in the air were considered
over a period of 10 years. In areas with a harsh, sharply continental climate, characteristic
of the BR, there was a significant variability in the content of impurities in the air by seasons.
In this regard, it was necessary to consider the monthly average pollution levels depending
on the season of the year. To assess the average monthly air pollution, we analyzed the
data for the last 2 years.
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A visual analysis of the results presented in a graphical form made it possible to
identify critical periods—periods with the highest content of impurities in the air, which
differed from the average seasonal and average annual pollution.

The analysis of air pollution during the critical period, carried out on the basis of
data on one-off samples from the Committee for Hydrometeorology and Environmental
Monitoring, at the Center for Hygiene and Epidemiology in the region, made it possible to
assess the level of impact, its direction, and areas of risk. For the hygienic assessment of air
pollution, the calculation of the multiplicity of the excess of MPCacute (Kj) was performed.
The following K; values were taken as critical levels of pollution: for substances of the 1st
hazard class (which included, in particular, O3), the K; value was 3; for substances of the 3rd
class (total PM, SO,, NO,), the K; value was 7; and for those of the 4th hazard class (CO),
the K; value was 12. The assessment of the potential risk of developing nonspecific effects
during short-term inhalation exposure was carried out in two directions: the assessment
of general toxic effects in comparison with the reference doses (concentrations) and the
assessment of reflex action. The calculation of the potential risk of general toxic effects was
performed using the coefficients (HQ).

HQ = C;/R{C;, 1)

where C; is the pollutant content in the air, and RfC; is the reference concentrations for i,
which is the ingredient, and the hazard indices (HI) for impurities that have a unidirectional
effect on target organs, and we calculated the hazard index thus:

HI =) HQ, @)

The reference concentrations for acute (ARfC) and chronic (RfCh) exposure were used
for the calculation. The potential risk of developing nonspecific toxic effects in the case of
short-term exposure to toxicants that have a reflex effect, depending on the hazard class of
the ingredient, should be calculated in accordance with Equations (3) and (4).

3rd class Prob = —2.35 + 3.73 x Ig(C/MPCjcute), 3)

4th class Prob = —1.41 + 2.33 x Ig (C/MPCacute), 4)

where Prob is a value associated with the risk according to the law of normal probability
distribution, C is the pollutant content in the air, and MPCjcyte is the maximum permis-
sible maximum one-time concentration of ingredients. Prob and Risk are related by the
tabular integral:
Prob
Risk = (1/27) —t / edt, )
—00

where Risk is the probability of developing reflex effects during short-term exposure under
specified conditions.

The substances considered in the work were of the 3rd (total particulate matter (TPM),
SO,, NO,) and 4th (CO) hazard classes.

3. Results
3.1. Determination of the Background Content of Pollutants in the Air and Selection of Risk Zones
during Wild Fires

The period of the highest air pollution for four main substances was revealed in
the city of Irkutsk (2014-2016); in addition, in Bratsk, a slight rise was observed in 2016
(Figure 2). Moreover, only in Irkutsk was the level of integral pollution assessed as high
(7 <KAZ < 14).

Table 1 presents data on the average annual content of the main chemical substances
in the atmosphere over the period.
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Figure 2. Dynamics of the integrated indicator of air pollution, 2011-2020.
Table 1. Dynamics of the average annual level of air pollution for 2011-2020.
Pollutants
Year Irkutsk Bratsk
TPM SO, CcO NO, TPM SO, CcO NO,
C, mg/m?3 0.212 0.023 1.7 0.062 0.122 0.004 1.100 0.039
201 C/MPC 2.8 0.5 0.6 1.5 1.6 0.1 04 1.0
010 C, mg/m?3 0.192 0.026 1.1 0.07 0.137 0.002 1.100 0.021
C/MPC 2.56 0.52 0.4 1.7 1.8 0.04 0.4 0.5
C, mg/m?3 0.192 0.026 1.1 0.069 0.120 0.002 1.100 0.023
2013 C/MPC 2.6 0.5 0.4 1.7 1.6 0.04 0.4 0.6
C, mg/m?3 0.17 0.015 1.1 0.057 0.127 0.000 1.000 0.025
2014 C/MPC 2.3 0.3 0.4 1.4 1.7 0.00 0.3 0.6
C, mg/m3 0.262 0.054 0.5 0.035 0.115 0.001 1.000 0.023
2015 C/MPC 3.5 1.1 0.2 0.9 1.5 0.02 0.3 0.6
C, mg/m3 0.318 0.035 0.4 0.042 0.184 0.001 0.900 0.029
2016 C/MPC 42 0.7 0.1 1.1 24 0.01 0.3 0.7
C, mg/m3 0.217 0.011 0.4 0.043 0.178 0.001 0.500 0.016
2017 C/MPC 29 0.2 0.1 1.1 2.4 0.02 0.2 04
C, mg/m?3 0.2 0.018 0.2 0.012 0.147 0.001 0.500 0.013
2018 C/MPC 2.7 0.4 0.1 0.3 2.0 0.01 0.2 0.3
C, mg/m?3 0.148 0.017 0.6 0.05 0.145 0.001 0.400 0.007
2019 C/MPC 2.0 0.3 0.2 1.3 1.92 0.022 0.12 0.2
C, mg/m?3 0.124 0.024 0.6 0.057 0.150 0.001 0.400 0.008
2020 C/MPC 1.7 0.5 0.2 14 2.0 0.02 0.1 0.2
Joodmengs it 0l gos 7 oo 0w oo 307 o
0.210) 0.026) 0.826) 0.052) 0.145) 0.0014) 0.021)
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Table 1. Cont.

Pollutants
Year Irkutsk Bratsk
TPM SO, co NO, TPM SO, co NO,
Standard deviation 0.055 0.012 0.462 0.018 0.903 0.0195 0.345 0.295
KAZ (average
multiplicity MPC) 2.7 0.5 0.3 1.2 19 0.0 0.3 0.5

Notes: C—Concentration; MPC—maximum permissible concentration.

Having the highest frequencies of exceeding the hygienic standards of the Russian Fed-
eration is typical for TPM and NO,. TPM concentrations varied from 0.124 to 0.318 mg/m?
in Irkutsk and from 0.115 to 0.175 mg/m? in Bratsk. The NO, content ranged from 0.012
to 0.070 mg/m? in Irkutsk and from 0.007 to 0.039 mg/m? in Bratsk. Concentrations of
carbon monoxide and sulfur dioxide did not exceed the standards. For further analysis, we
chose 2017-2020, the period with the lowest API levels, for the analysis of monthly average
concentrations, from which the background levels of impurities were calculated (Figure 3).
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Figure 3. Average daily concentrations by month (mg/m?3).

The use of background concentrations made it possible to eliminate the contribution
of other sources to the amount of air pollution in a given area, for example, vehicles and in-
dustry. The background levels for the summer season (July-August) for Bratsk and Irkutsk
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turned out to be different: the concentration of TPM in Irkutsk was 0.040 mg/ m3, and the
concentration in Bratsk was 0.018 mg/ m?3; the SO, concentrations were 0.007 mg/ m? and
0.001 mg/m?, respectively; the CO concentrations were 0.43 mg/m3 and 0.56 mg/m?, re-
spectively; and the NO, concentrations were 0.037 mg/m? and 0.020 mg/m?, respectively.
At the third stage, we identified the days of maximum risk in 2021 in the territory of
the BR. The intensity of smoke pollution in the region is shown in the images (Figure 4).

STATE RESEARCH CENTER FOR SPACE HYDROMETEOROLOGY "PLANETA"
SIBERIAN REGIONAL CENTER
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Figure 4. Intensity of smoke from wildfire in Siberia on 10 August 2021. SUOMI NPP satellite data
(State Research Center for Space Hydrometeorology «Planeta» Siberian center) [36].
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The scale of emissions from fires, the centers of which are located far from large
settlements of the BR, are visually presented. However, at the beginning of the second
period of August, the intensity of smoke was assessed in Irkutsk as “smoke”. The average
daily concentrations of the main chemical impurities in this period are presented in Table 2.

Table 2. Average daily concentrations of priority chemicals in the air of Irkutsk during a fire hazard
period (August 2021).

Pollutants, mg/m3

Periods
CcO NO NO, SO, O3 PMyq
background level 0.40 0.023 0.037 0.007 0.018 0.033
9-15 August 0.975 0.021 0.035 0.004 0.008 0.046
1622 August 0.483 0.019 0.033 0.005 0.012 0.042
23-29 August 0.236 0.022 0.031 0.012 0.02 0.032
30 August-5 September 0.191 0.015 0.031 0.009 0.019 0.030

The highest concentrations were noted in the period of 9-15 August, when the average
CO level increased by 2.4 times relative to the background level, and PM; increased by
1.4 times. The NO; concentrations were at the background level. In other periods of
the summer of 2021, no statistically significant differences in the content of impurities
were found in the territory of Irkutsk. In Bratsk, the ratios to the background levels were:
CO =21.0 times, SO, = 13.0 times, formaldehyde = 12.0 times, and TPM = 4.4 times.

3.2. The Dependence of the Level of Atmospheric Phenomena on the Concentration of Chemicals

“Atmospheric phenomena” are considered to be integral sources of air pollution
during the period of mass wildfires, which are ranked from the least pronounced to
the most pronounced in three groups: “slight haze”, “haze”, and “smoke”. To study
the dependence, we assigned the studied phenomena points from 0.3 to 1. The level of
atmospheric phenomena during wildfires was estimated as “haze” in 43.0% of observations,
and as “smoke” in 24%. The contents of chemicals in the surface layer of the atmosphere,
grouped by the level of severity of atmospheric phenomena, are presented in Table 3.

The highest concentrations of constituents, both by average and maximum values,
are recorded during “smoke”. When comparing average concentrations, it was noted that
statistically significant differences were observed only for TPM, sulfur dioxide, and soot
between the “smoke”-“slight haze” and “haze” of the “smoke” groups (Table 4).

Differences between the “haze” and the “slight haze” groups were revealed only in
the contents of solid particles (TPM and soot). An assessment was made of the ratio of
large (PM1p) and small (PM; 5) fractions in the total amount of PM during wildfires close
to populated areas (burning urban and suburban forests), and smoke from remote fires
more than 2000 km away. Bratsk, located in the north of the region, and Irkutsk, located in
the southeastern part of the BR, were considered as models in the July-August 2021 period.
During the background period, the average daily concentrations of PM;5 in BR were
as follows: PM;,5—0.013 mg/ m3; PM;,—0.033 mg/ m?3. The content of PM, 5 increased
by 6.8 times and the PMjj content increased by 1.3 times on the days of registration of
“smoke” in Irkutsk, and corresponding increases of 15.4 and 2.1 times occurred, respectively,
in Bratsk.
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Table 3. Average characteristics of pollution of the air for various levels of atmospheric phenomena
in fire season.

Atmospheric Average (CI), Standard
Pollutants n 3 .

Phenomena mg/m Deviation
TPM 221 0.339 (0.292-0.386) 0.35
SO, 221 0.021 (0.019-0.023) 0.02
. soot 221 0.014 (0.013-0.015) 0.01
Slight Haze NO, 221 0.056 (0.051-0.060) 0.03
CcO 138 2.638 (2.116-3.160) 3.10
Formaldehyde 136 0.014 (0.013-0.016) 0.01
TPM 57 0.619 (0.507-0.731) 0.42
SO, 57 0.030 (0.026-0.035) 0.02
soot 57 0.034 (0.023-0.046) 0.04
Smoke NO, 57 0.064 (0.057-0.072) 0.03
CcO 17 3.471 (2.097-4.844) 2.67
Formaldehyde 10 0.018 (0.011-0.025) 0.01
TPM 250 0.422 (0.378-0.466) 0.36
SO, 250 0.020 (0.019-0.022) 0.01
Haze soot 250 0.016 (0.015-0.017) 0.01
NO, 250 0.058 (0.054-0.062) 0.03
CcO 196 2.393 (2.044-2.742) 248
Formaldehyde 169 0.014 (0.013-0.016) 0.01

Notes: n—number of observations.

Table 4. Comparative assessment of average concentrations in the surface layer of air during wildfires.

Average Concentrations Comparing 1-3 Comparing 1-2 Comparing 3-2
Constituents
1 (Slight Haze) 3 (Smoke) 2(Haze) t-Test p t-Test P t-Test p

TPM 0.339 0.619 0.422 —5.12 0.0000 —2.53 0.0116 3.64 0.0003

SO, 0.021 0.030 0.020 —3.90 0.0001 0.61 0.5443 4.70 0.0000

Soot 0.014 0.034 0.016 —6.33 0.0000 —2.04 0.0424 5.98 0.0000

NO; 0.056 0.064 0.058 —1.69 0.0926 —0.57 0.5676 1.35 0.1781

Cco 2.638 3.471 2.393 —1.06 0.2912 0.80 0.4242 1.71 0.0890
Formaldehyde 0.014 0.018 0.014 —1.45 0.1498 —0.09 0.9300 1.27 0.2043

The hazard indices of respiratory and coronary diseases in the critical period exceeded
the acceptable level, the 25-75% interval was in the range of 2.5-5.7, and in the background
period, was in the range of 0.7-2.6. Since among the studied constituents, there are
substances of reflex action, the next step was to calculate the potential risk of developing
nonspecific effects (Table 5).

In the territory of the BR, the maximum risk levels for the development of acute
respiratory and coronary effects were due to the presence of TPM, and in Bratsk, were due
to nitrogen dioxide. The risk of acute reactions in Bratsk under the influence of CO was
0.309, and under the influence of TPM, was 0.055, which indicates the possibility of such
reactions in 30.9% and 5.5%, respectively, of the exposed population. In Irkutsk, a risk of
more than 5% was found to be associated only with exposure to TPM (risk = 0.115 or 11.5%
of the population).

Subchronic smoke pollution in Bratsk was accompanied by an increased risk of effects
caused by TPM (HQ = 8.0), SO, (HQ = 6.4), NO, (HQ = 2.1), and CO (HQ = 1.5). In Irkutsk,
only the concentration of suspended solids in the ambient air determined an increased
level of HQ = 4.0, which indicated the possibility of the development of reflex symptoms
of the upper respiratory tract of the population living in this area.
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Table 5. Assessment of the potential risk of nonspecific effects for the population of the Baikal region
(August 2021).

Irkutsk Bratsk
TPM SO, co NO, TPM SO, co NO,

Maximum 0975 0059 164 0046 08 0013 118  0.195
concentration *
ARfC 03 0069 27 0.13 03 0069 27 0.13
HQ 3.3 0.9 0.1 0.4 2.7 0.2 0.4 15
MPCacute 05 05 5 0.2 05 05 5 0.2
prob 13 -59 -25 —47 —-16 -82 —05 -24
risk 0115 <0001 0.006 <0001 0.055 <0001 0309 0.006

Average concentration 5y G004 197 0035 060 032 46 0085
during 2 weeks

RfCch 0.075 0.05 3 0.04 0.075 0.05 3 0.04
HQ 4 0.1 0.7 0.9 8.0 6.4 1.5 21

Notes: concentrations are presented according to the registered data *—per day with the highest KAZ and the
recorded phenomenon of “smoke”; **—during the period of the highest smoke frequency during 6-19 August.

4. Discussion

Analysis of air pollution in areas remote from fire centers showed qualitative and
quantitative differences in the composition of pollutants. At a distance of 2000 km from the
fire centers, short-term concentrations increased during the smoke period: CO increased
by 2.4 times and PM; increased by 1.4 times relative to the background level. In the area
located close to the fires, an increase in short-term concentrations was noted regarding not
only CO (21.0 times) and TPM, but also SO, (13.0 times) and formaldehyde (12.0 times).
Large areas of the BR are sparsely populated and do not have permanent air pollution
monitoring posts. The lack of stationary observation posts in the vast territories makes it
especially relevant to search for opportunities to assess atmospheric air pollution and its
danger for the population of small settlements, remote from large centers, with a developed
infrastructure for monitoring the quality of the environment and providing emergency
medical care in emergency situations [37]. Krstic and Henderson, after analyzing data on
smoke and clouds from the Canadian Terra-MODIS 2000-2007, suggested that the average
daily measurements of the optical thickness of aerosols can be used to represent the smoke
levels in the area and make urgent decisions about the evacuation of the population [11].
The authors concluded that the systematic use of objective and readily available remote
sensing data could be useful for promising real-time applications based on a retrospective
analysis of the smoke situation. At the same time, the question of the adequacy of data on
pollution from space images and stationary observation points of the Service of Hydrom-
eteorology and Environmental Monitoring remains open [31]. However, in our opinion,
space images must be used to promptly resolve the issue of sending additional medical
assistance to remote areas.

Comparison of the intensity of smog, visually recorded in settlements and satellite
sensing data in different territories, makes it possible to conditionally extrapolate the results
to other territories. Based on the calculated levels of risk of exposure to smoke for the
Bratsk population (see Table 5), it can be expected that about 30% of the exposed population
near the outbreak of massive fires may have acute reactions of the cardiovascular system
and deviations in the development of the organism when exposed in the early stages of
ontogenesis; in more than 5% of the population, there were respiratory system reactions.
Under this influence, judging by the satellite images (see Figure 4), in August 2021, residents
were not only of the larger territory of the Republic Sakha (Yakutia) with a population of
981.9 thousand people, but also the population of the northern regions of the Irkutsk region
and the Republic of Buryatia (Pop. 500,000), as well as Krasnoyarsk (Pop. 1,092,800). In
Irkutsk, 11.5% of the population are at increased risk, mainly related to PM exposure during
the smoke period. Such levels of visual impact were observed in the central and southern
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parts of the BR, which includes the cities of Irkutsk, Shelekhov, Baikalsk, Ulan-Ude, and
Selenginsk, and a number of small settlements with a total population (Pop.) of about
1.5 million. It is interesting to note that the priority pollutants, which determined the risk
levels for Bratsk, located near the fires, and for Irkutsk, located far from the fires, differed.

Studies in the western United States showed that the composition of fire plumes
differs depending on the origin [38]. Expanding on this finding, a pilot study showed that
combustion of wood species near industrial pollution sources results in more chemical
emissions [39]. It was found that PM from different fuels and combustion phases (e.g.,
combustion or smoldering) have significant differences in lung toxicity and mutagenic
activity [40].

In addition, the toxicity of the particles was found to be age dependent. Differences
in the composition of fresh smoke and old smoke were observed in the Western Wildfire
experiment on cloud chemistry, aerosol absorption, and nitrogen [41]. In highly concen-
trated fresh plumes that were only 20 minutes old, hazardous air pollutants (HAPs), such
as formaldehyde, acrolein, and benzene, exceeded the California EPA exposure control
levels without any side effects. However, among middle- and old-age smoke, toxicants
were not found to exceed the acute exposure limits [41].

Thus, the relative impact of forest fire smoke composition on public health remains
an area of significant uncertainty. A third explanation for the difference in outcomes may
be misclassification of the impact. According to Magzamen et al., local fires have thinner
plumes than long-range transport plumes. In this regard, in local fire loops, especially in
rarely monitored areas, PM 5 levels may not be detected [15].

Our assessment results have significant limitations due to several factors. As we have
already noted, a change in the nature of wildfires and their impact on public health was
previously established [14]. In addition, the susceptibility of the population to the effects
of chemical toxicants during the COVID-19 pandemic has significantly changed [37,42].
The change in the adaptive capabilities of the perceiving population in the context of
a pandemic, a significant part of which was exposed to viral exposure, both clinically
expressed and “latent”, was shown. In our opinion, this requires targeted multidisciplinary
studies to assess the dependence of the frequency of acute reactions on the level of short-
term exposure, presented in particular in equations 3 and 4. The second limiting factor is
the uncertainty in exposure assessments in the absence of ongoing monitoring of chemical
concentrations. All this determines the need to continue monitoring changes in the quality
of the surface layers of the atmosphere and responses to inhalation exposure to smoke
during wildfires.

5. Conclusions

The assessment of air pollution in the BR in wildfire made it possible to identify
an increase in the content of impurities in the atmospheric air. When exposed to smoke
from distant foci of combustion, large deviations of concentrations in the surface layer
of the atmosphere are typical for fine PM fractions. In connection with the identified
dependencies, it is advisable to include in the monitoring system, during a fire-hazardous
period, the registration of the content of soot, CO, PM, and sulfur dioxide in the surface layer
of the atmosphere when burning forests near populated areas. The maximum levels of risk
for the development of acute effects of the respiratory and circulatory organs are due to the
presence of suspended solids and CO. The results of remote sensing of atmospheric smoke
can be used to urgently resolve the issue of organizing medical assistance or evacuating the
population groups most sensitive to the effects of smoke (e.g., pregnant women, children,
and people with chronic diseases) in case of massive wildfires, especially nearby settlements
that are remote from densely populated areas.
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